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INTRODUCTION 


The  purpose  of  this  project  Is  to  conduct  the  necessary 
research  for  the  preparation  of  unsaturated  organic  compounds 
containing  fluorine,  and,  when  synthetic  methods  have  been 
developed,  to  prepare  various  fluoroolef Ins  which  may  give 
elastomers  which  are  oil  and  fuel  resistant  and  which  retain 
their  elasticity  at  low  temperatures. 

It  Is  estimated  that  100/6  of  the  work  has  been  completed 
to  date  and  that  98#  of  the  estimated  costs  have  been  Incurred 
to  date. 

This  research  Is  authorized  under  Contract  Number 
DA-19-129-AMC-79(N)  and  le  a  further  continuation  of  the 
work  Initiated  under  DA-44-109-QM->22  and  continued  under 
rA-44-109-QM-l469  and  DA-19-129-QM-500. 

This  is  the  6th  report  under  the  contract  but  the  53rd 
since  the  project  was  Initiated  in  1951* 

II.  SUMMARY  OF  CURRENT  PROGRESS 

Work  has  continued  on  some  aluminum  chloride  catalyzed 

ft 

additions  of  polyhaloalkanes  to  haloolefins.  Additional 
work  has  been  done  using  perfluoroallyl  systems. 

Nltrosyl  chloride  has  been  allowed  to  react  with  some 
fluorodlenes  to  give  a  nltroso  derivative  in  one  case  (but 
to  give  a  suspected  Diels-Alder  adduct  when  the  diene  was 
conjugated) „ 
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Free  radical  additions  of  haloalkanes  to  various  olefins 
have  been  attempted  and  in  some  cases  reactions  of  the  products 
Investigated. 

The  free  radical  addition  of  haloalkanes  to  aromatic 
nuclei  has  been  continued  and  terminated. 

Some  Diels-Alder  additions  between  cyclopentadiene  and 
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some  halooleflns  has  been  effected,  and  the  preparation  of 
some  fluoronorbornadienes  from  the  products  has  been  attempted. 

III.  DISCUSSION 

Aluminum  Chloride  Catalyzed  Additions  of  Polyhaloalkanes  to 
Halooleflns 

Further  work  has  been  done  on  the  addition  of  CFCl^  to 
* 

CFC1=CFC1  in  an  effort  to  elucidate  the  possible  mechanism 
involved.  It  was  shown  that  pure  CFC1=CFC1  did  not  rearrange 
to  CF2=CC12  under  the  influence  of  AlCl^.  Neithfr  were  any 
other  olefins  formed  by  replacement  of  fluorine  atoms  by 
chlorine. 

Addition  of  CFCl^  to  pure  CFC1=CFC1  gave  a  72#  yield 
of  the  expected  adduct,  C^Cl^F^.  N.m.r.  spectroscopy  has 
shown  this  to  consist  of  CF2C1CFC1CC13  (81#),  CFC12CFC1CFC12 
(18#),  and  CF^CCl^Cl^  (1#).  Isomerization  of  this  material 
by  AlCl^  in  CCl^  gave  chiefly  the  replacement  product, 

C^Cl^Fg,  although  enough  rearranged  C^Cl^F^  was  recovered 
for  n.m.r.  analysis.  The  latter  material  consisted  of 

*CFC1=CFC1,  prepared  from  zinc  dehalogenation  of  crude  Freon 
112,  was  found  to  contain  ca.  3#  CF2=CC12.  This  arose  from 
the  presence  of  ca.  3#  CF?C1CC1~  in  the  crude  Freon  112. 

Pure  CFC1=CFC1  was  obtained  by  subjecting  the  crude  olefin 
mixture  to  the  action  of  sodium  ethozide  in  ethanol.  This 
selectively  removed  the  CF2=CC12  to  give  pure  CFC1=CFC1. 
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C?2C1CFC1CC1^  (95$)  and  CF^ClpCC^  (5$).  Hence,  the 
CFClpCFClCFCl2  was  completely  rearranged  to  the 
CF^CICFCICCI^.  This  type  of  AlCl^  catalyzed  rearrangement 
also  occurred  with  the  C^Cl^Fp  fraction  formed  in  this 
addition  reaction.  The  initially  formed  material  consisted 
of  CF2C1CC12CC13  (46$)  and  CFClgCFClCCl^  (54$) c  The  C^C^Fp 
isolated  as  the  major  product  from  isomerization  of  C^Cl^P^ 
consisted  of  only  CFpClCClgCCl.,., 

The  following  scheme  is  proposed  to  account  for  these 

data; 


CFCl^  +  aici3 
CC13®  +  CFC1=CFC1 
CC13CFC1CFC1®  +  A1C13F 
CFC13  +  A1C13 
CFC12®  +  CFC1=CFC1 
CFClpCFClCFCl®  +  A1C149 
CFC12CFC1CFC12  _ 


z=» 

X 

2=± 

X 


A1C13 


CC13®  +  A1C13F  9  (1) 

CC13CFC1CFC1®  (2) 

CC13CFC1CF2C1  +  A1C13  (3) 

CFC12®  -r  A1C149  (4) 

CFClpCFClCFCl®  (5) 

CFC12CFC1CFC12  +  A1C13  (6) 

^  CFpCICFCICCU  (7) 


From  the  fact  that  (7)  is  an  irreversible  rearrangement 
it  is  concluded  that  (4)  (followed  by  (5)  and  (6))  must 
be  operative  to  some  extent  since  there  was  produced  initially 
18$  CFClpCFClCFClg ,  which  can  only  arise  in  this  manner. 

An  attempt  was  made  ro  detect  the  CFClp  cation  using  F  7 
n.m.r. ,  but  scanning  a  mixture  of  CFC13  and  A1C13  at  both 
high  and  low  fields  gave  no  evidence  for  anything  other 


4 

than  CFCi^,  This  however  is  not  proof  of  the  total  absence 
of  this  ion. 

Previously  (l)  the  addition  of  CFCl^  to  CF2=CFBr  was 

shown  to  give  CF0CFBrCCl0  (56$)  and  CF^BrCF^CCl^  (44$)  in 

j  5  c  £  } 

5  hrs.  In  an  effort  to  determine  the  effect  of  the  reaction 
time  on  possible  isomerization  of  these  isomers,  another  run 
was  made  (70  hrs.)  and  the  product  consisted  of  these  Isomers 
in  57  and  43$,  respectively.  It  was  concluded  that  in  this 
case  essentially  no  further  change  in  the  isomer  distribu¬ 
tion  occurred  in  the  presence  of  AlCl^.  Hence,  it  appears 

o' 

that  each  reaction  must  be  considered  separately  as  the 
mechanism  apparently  differs  with  the  olefin  used. 

Further  attempts  to  extend  this  type  of  addition  reac¬ 
tion  to  alkanes  other  than  CFCI^  atld  CHFClg  were  still  un¬ 
successful  (2).  Treatment  of  CF2Br2  and  CF^-CCl^  with 
AlCl^  gave  no  reaction.  A  repeat  of  the  attempted  addition 
(3)  of  CF^ClCFClg  to  CFC1=CFC1  was  run  to  check  the  possi¬ 
bility  of  alkane  rearrangement.  Previous  workers  (4-7)  have 
shown  that  CF2C1CFC12  readily  rearranges  to  CF^CCl^  or  under¬ 
goes  replacement  reactions,  but  these  were  all  done  at  reflux 
(47°).  Under  carefully  controlled  temperature  coneitions 
(24-7°)  it  was  found  that  neither  addition  nor  rearrangement 
(as  determined  by  n.m.r. )  occurred.  A  very  small  amount  of 
CF2C1CC1^  was  obtained. 

Perfluoroallvl  Systems 

As  part  of  the  continuing  study  of  reactions  of  the 
3-halopentafluoropropene  system,  further  work  was  done  in 
an  attempt  to  improve  the  yield  of  the  ether. 
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CH2=CHCH2OCF2CF=CF2,  which  was  formed  when  CF2=CFCF2C1  was 
treated  with  KOK  in  allyl  alcohol.  It  was  previously  (8) 
shown  that  this  was  only  19#  of  the  product  mixture.  It. 
was  felt  that  reaction  of  sodium  allyloxide  in  the  absence 
of  a  hydrogen  donor  would  give  this  desired  ether  in  much 
better  yield.  However,  reaction  in  dioxane  and  acetone 
gave  no  product  at  all.  Apparently  the  sodium  allyloxide 
was  too  insoluble  in  these  solvents.  Attempts  to  find  a 
solvent  for  this  salt  which  did  not  contain  labile  hydrogens 
were  unsuccessful.  These  Included  methyl  ethyl  ketone, 
NjN-dimethylformamide,  dimethyl sulfoxide,  and  t-butanol. 

The  reaction  of  CF2=CFCF2C1  with  allylmagnesium  bromide 
was  successfully  carried  out  to  give  two  new  materials: 
C^Hj-ClF^,  probably  a  mixture  of  CH2=CHCH2CF2CF=CFC1  and 
CH2=CHCH2CF=CFCF2C1 ,  and  C^qF^,  CH2=CHCH2CF=CFCF2CH2CH=CH2 . 
No  CH2=CHCH2CF2CF=CF2  was  detected.  The  following  scheme  Is 
proposed  to  account  for  these  products: 


RMgBr  +  CF«=CFCF?C1 
( R=Allyl ) 


RCF2CFCF2C1 

MgBr 


HgBrCl  +  RCF2CF=CF2 


n 


MgBrF  +  RCF2CF=CFC1  +  RCF=CFCF2Ci 


(1) 

(2) 

(3) 


RMgBr  +  RCF2CF=CF2 


RCF0CFCF0R 

2|  2 

MgBr 


RCF^CFCF^R 

MgBr 


(4) 


MgBrF  +  RCF=CFCF2R 


(5) 
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This  high  reactivity  of  the  trifluorovinyl  group  was  also 
apparent  in  the  reactions  of  alkoxide  systems  with  CF;?=CFCF«C1. 

W  M 

In  the  previous  reporc  (10)  the  adduct  formed  by 
addition  of  CHFC12  to  CFC1-CFC1  was  given  as  CF2C1CFC1CHC12 
(70%),  CF2C1CHFCC1^  (252),  and  CF^CCl^CHClg  (52).  On  the 
basis  of  more  careful  n.m.r.  calculations,  the  assignments 
for  this  second  isomer  more  closely  fit  CF2C1CC12CHFC1 
(F19,  relative  to  TFA,  had  doublet  doubled  at  -19. 6  ppm, 

J-14.6,  9«2  cps,  rel.  area  2.6,  and  a  triplet  doubled  at 
+54.9  ppm*  J-49.2,  15.3  cps,  rel.  area  1.5*  H:  relative 
to  TMS,  had  doublet  at  ca.  3.47^  J=48.3  cps). 

Preparation  of  Fluoronitroso  Compounds 

In  the  present  work  an  attempt  was  made  to  prepare 
a  series  of  nitroso  compounds  containing  another  functional 
group.  Therefore,  the  reaction  of  CF2=CFCH2CH=CH2  and 
nitrosyl  chloride  was  effected  to  yield 

cf2cicf( no ) • ch2ch=ch2 . 

The  diene  was  prepared  by  the  known  route  (11)  of 
addition  of  CF2BrCFClBr  to  allyl  chloride,  followed  by 
dehalogenation  By  the  usual  procedure  (12)  the  addition 
of  nitrosyl  chloride  to  the  diene  was  predominantly  at  the 
CF2=CF—  grouping.  The  yield  of  nitroso  compound  was  poor 
and  nearly  30#  of  the  starting  diene  was  recovered  when 
equimolar  proportions  of  nitrosyl  chloride  and  diene  were 
used,  but  if  an  excess  of  nitrosyl  chloride  was  used  several 
unidentified  high  boiling  products  were  formed.  The  infrared 
spectrum  of  the  high  boiling  products  showed  absorption  at 
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5«55/~#ar*d  5.78^,  compared  to  N-0  and  -HC=CH-  absorption  of 
the  nitroso  adduct  at  6. 31/* and  6.1/-r(weak)  respectively. 

The  nitroso  adduct  was  decomposed  by  air  and  heat  from  a 
blue  liquid  through  green  and  yellow  to  give  finally  a  dark 
brown  viscous  liquid.  The  compound  was  sufficiently  stable 
to  allow  gas  chromatographic  separation  at  50-60°. 

The  reaction  of  CFg^FCH-CHg  with  nltrosyl  chloride 
has  been  studied  in  this  laboratory  before  and  a  very  small 
amount  of  blue  liquid  was  obtained,  but  no  further  work  was 
done.  In  the  present  work  the  addition  was  attempted  using 
aluminum  chloride  and  D.M.F.  as  solvent  as  before.  Orange 
or  light  green  colored  reaction  mixtures  were  obtained 
depending  on  conditions  used,  but  in  both  cases  the  low 
boiling  nitroso  compound  was  a  minor  product,  the  major 
product  (?95%)  being  a  colorless  high  boiling  compound. 

This  main  product  showed  absorption  in  the  infrared  spectrum 
of  5«78y^and  6.05y«fbut  the  structure  is  still  under  investi¬ 
gation. 

The  reaction  of  CF^CFCH^CHCF^  with  nltrosyl  chloride 
also  gave  a  high  boiling  colorless  product  rather  than  a  low 
boiling  blue  nitroso  compound.  The  main  product  had  absorp¬ 
tion  peaks  in  the  infrared  spectrum  at  5»8Cy*and  6.05/-C  , 
respectively. 

The  Free  Radical  Reactions  of  Haloalkanes  with  Olefins 

CCl^CFgCFgBr,  prepared  by  addition  of  CCl^Br  to 
tetrafluoroethylene  in  the  presence  of  benzoyl  peroxide, 
is  to  be  treated  with  ethylene  in  the  presence  of  benzoyl 
peroxide. 
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1 ,2-Dibromohexafluorocyfclobutane  and  CF^BrCFHBr  did  not 
react  with  ethylene  In  the  presence  of  benzoyl  peroxide. 

tr*-U**i  ^  V..W1  *4  i-i u  ^*T3  rnw  *r a  a — - n 

uvujricuc  naa  uuuuxcu  wij.uu£X1  vr £  ^  V-'A’  2^  ucii£Ujr«L  pci  — 

oxide  at  100°,  but  no  higher  boiling  product  was  detected. 

An  attempted  reaction  of  the  same  mixture  at  100°  in  an 
autoclave  gave  less  than  1#  higher  boiling  product.  An 
autoclave  reaction  at  220°  gave  a  polymeric  solid  which 
gave  no  liquid  product  on  attempted  dehydrohalogenaticn. 


This  is  in  contrast  to  the  literature,  when  ethylene  and 
CFgICFgl  in  the  presence  of  benzoyl  peroxide  at  220°  gave 
CF2ICF2CH2CH2I  in  80#  yield  (13) 

A  series  of  compounds,  CFgBrCFgBr,  CF^CFBrCFgBr,  and 
CF^CFBrCFBrCF^  were  treated  with  ethylene  in  the  presence 
of  benzoyl  peroxide.  Reaction  of  the  first  dibromo-compound 
gave  a  30#  yield  of  CFgBrCFgCHgCEgBr.  CF^CFBrCFgBr  gave  a 
51#  yield  of  1:1  adduct  which  was  identified  as 
CH2BrCH2CF(CF3)CF2Br  rather  than  CF^CFBrCF^H^CHgBr.  The 
last  dibromide,  CF^CFBrCFBrCF^  gave  no  reaction  with  ethylene 
in  the  presence  of  a  0.01  molar  proportion  of  benzoyl  per¬ 
oxide.  When  the  proportion  of  benzoyl  peroxide  was  increased 
to  greater  than  a  0.04  molar  proportion,  perfluorobutene-2 
and  CHgBrCHgBr  were  Isolated  in  29#  and  21#  yield  respectively. 
This  result  is  somewhat  similar  to  the  reaction  of 
CFCIBrCFCIBr  with  ethylene  under  free  radical  conditions 
when  CFC1=CFC1  was  isolated  in  20#  yield  (14). 

The  addition  of  CF^CFBrCFgBr  and  CF21CF2I  to  allyl 
chloride  in  the  presence  of  benzoyl  peroxide  gave  no  higher 
boiling  products.  Similar  resuj fs  were  obtained  previously 
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when  CF^CFgCCl^  and  CF^ClCFgCCl^  were  allowed  to  react 

with  allyl  chloride  (14).  In  contrast  allyl  chloride  was 

allowed  to  react  with  CCl_Br  and  CF-BrCFClBr  under  free 

3  2 

radical  conditions  to  produce  CCl^CH^CHBrCH^Cl  (15)  and 
CFgBrCFClCHgCHBrCH^Cl,  respectively* 

CF^CFBrCFClBr  and  CF^BrCFgBr  do  not  react  with  allyl 
ethyl  ether,  in  the  presence  of  benzoyl  peroxide  under  the 
conditions  employed.  This  is  in  contrast  to  the  reported 
reaction  of  CCl^Br  and  CF^BrCFClBr  with  the  unsaturated 
ether  under  free  radical  conditions  (16)  to  produce 
CClqCH2CHBrCK2OC2H5  and  CFgBrCT  ClCHgCEBrCHgOC^ , 
respectively. 

Addition  of  1,3-butadiene  to  1,2-dibromohexafluorocyclo- 
butane  and  iodotrifluoromethane  were  attempted  under  free 
radical  conditions.  In  the  former  reaction  no  high  boiling 
products  were  formed,  and  in  the  latter  reaction  a  polymeric 
solid,  iodine  and  a  low  boiling  gas  only  were  detected. 

Vinyl  Iodide  was  prepared  by  addition  of  Iodine  to 
ethylene  followed  by  dehydrolodlnation.  The  product  and 
tetrafluoroethylene  were  exposed  to  sunlight,  but  most  of 
the  tetrafluoro ethylene  was  recovered.  The  only  other 
product  Isolated  was  a  very  high  boiling  viscous  mixture. 

No  simple  1:1  adduct  was  formed. 

Allyl  iodide  was  allowed  to  react  with  tetrafluoro¬ 
ethylene  In  the  presence  of  benzoyl  peroxide  to  yield  four 
main  products  which  have  been  identified  as  CHICHI C£L  , 
CH2=CHCH2CF2CF2I,  CFgICFgl,  and  suspected 
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CH2=CiJCT2CF2CF2Cd2CH=CH2.  The  yield  of  1:1  adduct  was 
increased  from  20 %  to  40^  wher.  the  reaction  time  was  halved 

A  H  H  ^  t*  ^  A  VJ  f\  V*  O  V>  ft  *1  ft  ft  1  Vr*.  ft  I*  ft  ft  v\  ft  1  ft  ^  4  vt  «.rft  ft  ft  4-  4-  ft«MM  4* 

••«»«•*  vAwt*  ^  *uAj.wcAxuuiig  vv  c*. 1 1  wxcix  xu  nao  cxv*  uoiu^vou 


via  a  Grignard  reagent.  Thus  vinyl  magnesium  chloride  and 
allylmagneslum  bromide  were  allowed  to  react  with 
1,2-diiodotetrafluoroethane.  The  former  reaction  gave  one 
product  which  is  consistent  with  vinyl  iodide.  The  latter 
reaction  also  gave  a  single  product,  which  appears  to  be 
allyl  iodide,  but  further  confirmation  is  in  progress. 

The  preparation  of  nitroso  compounds  of  dehydrohalo- 
genation  products  of  two  of  the  adducts  previously  prepared 
was  attempted.  No  nitroso  compound  was  formed  when 
BrC?2CP2CH==CH2  (17)  was  treated  with  nitric  oxide  in  the 
presence  of  mercury  and  sunlight.  A  reaction  under  similar 
conditions  using  CF2ICF2CH2CH=CH2  gave  a  blue  color  indica¬ 
tive  of  a  nitroso  compound,  which  was  discharged  when  the 
product  was  brought  to  ambient  in  the  presence  of  oxygen. 
The  reaction  is  to  be  repeated  and  the  product  purified 
under  a  nitrogen  atmosphere. 

Octene-1  has  been  reacted  with  CF^CFgCCl^  un(*er  free 
radical  conditions  to  give  two  high  boiling  products  which 
are  being  identified. 

Dehydrohalogenation  of  CCl^CF2CFClCB2CHpBr  (14)  gave 
only  one  product  which  was  identified  as  CC1^CF2CFC1CH=CH2. 


Attempted  Formation  of  Radicals  from  CF^CICFCII  and 
CFpBrCFCIBr  and  Their  Reaction  in  situ  with  Aromatic  Nuclei 

Since  the  previous  report  the  only  aromatic  compounds 
used  have  been  benzene  and  pentafluorobenzene.  The  former 
was  used  in  attempts  to  increase  yields  of  products  and  the 
latter  in  attempts  to  prepare  perfluoro styrene.  All  experi¬ 
ments  were  carried  out  in  Fischer-Porter  tubes  heated  on  an 
oil  bath. 

There  was  no  detectable  reaction  between  benzene  and 
CFgBrCFCIBr  when  heated  alone,  therefore,  an  experiment  was 
carried  out  in  the  presence  of  a  1/10  molar  proportion  of 
benzoyl  peroxide  as  an  initiator.  Two  high  boiling  products 
were  detected  by  v.p.c.  which  corresponded  to  bromobenzene 
and  suspected  CgH^CFClCF^Br  (as  isolated  from  a  previous 
experiment).  They  formed  9%  and  5%  of  the  volatile  products 
respectively.  Non-volatile  products,  which  may  include 
derivatives  of  benzoic  acid,  were  not  examined. 

It  has  been  shown  previously  that  reaction  of  benzene 
with  CF2C1CFC1I  gives  yields  of  C^H.CFClCF^l  up  to  24£. 

As  benzoyl  peroxide  seems  to  assist  the  reaction  of  benzene 
and  CF^ClCFClBr,  it  was  used  in  a  comparison  experiment  in 
an  attempt  to  Increase  the  yield  of  C^H^CFCICF^CI  from 
benzene  and  CF^CICFCII.  A  blank  experiment  in  which  only 
benzene  and  CF^CICFCII  were  heated  was  run  under  identical 
conditions.  The  former  experiment  showed  an  13£  conversion 
to  higher  boiling  products  compared  to  the  conversion  in 
the  latter  which  was  only  2^,  The  higher  boiling  product 
from  the  former  experiment  was  a  single  peak  on  a  silicon 
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gum  packed  gas  chromatography  column  at  180°,  but  on  the 
same  packing  at  100°  it  separated  into  two  peaks  in  the 
ratio  of  18:82.  The  minor  component  was  identified  as 
iodobenzene  and  the  major  component  was  identified  as 
C^H^CFClCFpCl  by  gas  chromatographic  retention  time. 
Therefore,  the  overall  conversion  to  C^H^CFClCFgCl  was 
14.8#  in  the  benzoyl  peroxide  initiated  reaction  but  in 
the  blank  experiment  the  conversion  to  CgH^CFClCF2Cl  was 
only  2#. 

An  experiment  to  compare  the  reactivity  of  benzene 
and  iodobenzene  (i.e.  ease  of  removal  of  hydrogen  and  iodine 
atoms  from  an  aromatic  nuclei)  with  CF2C1CFC1I  was  attempted, 
but  conditions  were  too  mild  to  detect  any  reaction  in  either 
case. 

A  different  approach  was  next  used  in  an  attempt  to 

increase  the  yield  of  CgH^CFClCF2Cl  from  benzene  and 

CF2C1CFC1I.  Rather  than  use  a  free  radical  source  as  an 

Initiator,  the  reaction  was  carried  out  in  the  presence  of 

a  metal  which  would  easily  take  up  the  liberated  iodine 

atoms  (viz.  mercury  and  copper  dust).  A  blank  experiment 

was  again  run  under  identical  conditions  for  comparison. 

The  blank  experiment  showed  a  2.3#  conversion  to 

C/'H^CFCICF^CI ,  whereas  the  experiment  in  the  presence  of 
6  5  2  ’ 

mercury  showed  a  9.3#  conversion  to  a  higher  boiling  product 
corresponding  to  CgH^CFClCFgCl.  The  experiment,  in  the 
presence  of  electrolytic  copper  dust,  could  not  be  compared 
directly  as  the  organic  liquid  formed  a  slurry  with  the  dust. 


In  the  previous  report  it  has  been  sho^n  that  penta- 
fluorobenzene  and  CF^CICPCII  did  not  react  alone.  In  a 
preliminary  reaction  of  pentafluorobenzene  and  CF-C1CFC1I 
in  the  presence  of  benzoyl  peroxide  there  was  a  conver¬ 
sion  to  a  higher  boiling  product.  Therefore,  three  comparison 
reactions  were  set  up  under  identical  conditions.  The  first 
tube  (1)  contained  pentaf luorobenzene ,  CF2C1CFC1I  in  equi¬ 
molar  proportions  and  0.425  molar  proportion  of  benzoyl 
peroxide.  The  second  tube  (2)  contained  pentaf luorobenzene 
and  CF^CICFCII  in  equimolar  proportions  and  a  0.2  molar 
proportion  of  benzoyl  peroxide.  The  third  tube  (3)  contained 
pentafluorobenzene  and  CF?BrCFClBr  in  equimolar  proportions 
and  0.2  molar  proportion  of  benzoyl  peroxide.  The  percen¬ 
tages  of  high  boiling  products  from  gas  chromatographic 
peak  areas  were  (l)  27#*  (2)  8%,  (3)  23$.  The  high  boiling 
product  was  Isolated  from  (1)  by  gas  chromatography  and  was 
shown  to  be  iodobenzene  by  infrared  spectroscopy.  The  major 
high  boiling  product  from  (3)  had  the  same  gas  chromatogra¬ 
phic  retention  time  as  bromobenzene.  The  minor  product  of 
slightly  longer  retention  time  than  bromobenzene  was  in 
insufficient  quantity  for  identification.  Only  volatile 
products  were  investigated. 

As  this  whole  series  of  experiments,  using  CF2BrCFClBr 
and  CF2C1CFC1I  as  sources  of  radicals  to  react  with  aromatic 
nuclei  to  form  ethyl  benzenes,  gave  poor  yields,  this  route 
to  styrenes  has  been  abondoned. 
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Additions  of  Cyclonentadlene  to  Various  Fluorofllef Ins 
In  the  previous  report  cyclopentadiene  was  allowed 
to  react  with  CFC1=CFC1  but  no  product  could  be  Isolated. 

In  order  to  test  the  procedure  the  previously  known  Diels 
-Alder  addition  of  cyclopentadiene  and  perfluoropropene  (18) 
was  attempted  and  the  adduct  isolated  In  19$  yield.  Similar¬ 
ly,  perfluorobutene-2  was  allowed  to  react  with  cyclopenta¬ 
diene  and  the  adduct  was  formed  in  88$  yield.  The  adduct 
gave  a  consistent  Infrared,  and  ^F  n.m.r.  spectra  and 
elemental  analysis;  decolorised  a  bromine  solution  and  was 
oxidized  by  potassium  permanganate.  The  proton  n.m.r.  spectrum 
showed  a  Dlels-Alder  (1,4-)  adduct  rather  than  a  1,2-  adduct 
(19). 

Dehalo genat ion  of  the  Diels-Alder  adduct,  5»6-difluoro- 
5,6-bis(trifluoromethyl)-norbom-2-ene  was  attempted  using 
zinc  in  lsopropanol,  but  only  starting  material  was  detected. 
Dehydrohalogenation  was  attempted  by  dropping  the  adduct 
on  tc-  molten  potassium  hydroxide.  It  was  thought  that  If 
the  bridge-head  carbonium  ion  could  be  formed  that  it  might 
rearrange,  but  only  starting  material  was  recovered  in  84$ 
yield. 

As  the  Dlels-Alder  adduct  from  perfluorobutene-2  could 
not  be  dehalogenated ,  a  Diels-Alder  addition  between  cyclo¬ 
pentadiene  and  2, 3-dichlorohexafluoro butene-2  was  attempted. 

The  reaction  mixture  showed  starting  materials,  dl cyclo¬ 
pentadiene  (trace)  and  adduct  by  gas  chromatography.  The 
product  was  Isolated  (33$  conversion)  as  a  white  waxy  solid 
which  easily  was  oxidized  by  potassium  permanganate  and 
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decolorised  a  bromine  solution.  A  consistent  Infrared  spectrum 
and  elemental  analysis  were  obtained  for  an  adduct,  which  from 
the  proton  n.m.r,  spectrum  was  shown  to  be  a  Diels -Alder 
adduct ,  5*6-dlchloro-5 ,6-bls  ( trif iuoromethyl ) -aorbom-2-ene 
(19)*  The  pure  product  gave  an  unsymmetrlcal  gas  chromato¬ 
graphic  peak. 

Dechlorination  of  the  adduct  was  attempted  by  two 
methods.  The  hydrocarbon  nomomadiene  has  been  prepared 
by  addition  of  cyclopentadiene  to  sym-dlchloro ethylene 
followed  by  dechlorination  by  magnesium  iodide  in  ether  (20). 
Dechlorination  of  5»6-dichloro-5,6-bis(trifluoromethyl)- 
norbom-2-ene  was  attempted  under  identical  conditions,  but 
only  trace  quantities  of  product  were  detected  by  gas 
chromatography  and  a  quantitative  yield  of  starting  material 
was  recovered.  The  second  dechlorination  route  attempted 
was  using  activated  zinc  in  isopropanol.  The  dechlorination 
product  was  formed  in  at  least  86#  yield  and  was  Identified 
by  infrared  spectroscopy  as  2, 3-bls(trif Iuoromethyl) no rborna- 
dlene.  This  product  was  also  obtained  from  addition  of 
cyclopentadiene  to  hexafluorobutyne-2. 

Hexafluorobutyne  was  prepared  by  a  known  route  (21). 

The  addition  between  cyclopentadiene  and  hexafluorobutyne 
was  facile  and  the  adduct  was  formed  in  84#  yield,  the 
remainder  being  low  boiling  starting  material  and  a  trace 
of  dicyclopentadlene.  The  pure  adduct  was  oxidized  by 
potassium  permanganate  and  decolorized  bromine.  The  adduct 
had  a  consistent  infrared  spectrum,  particularly  tbo  medium 
Intensity  absorption  at  5 *92y< attributable  to  CF^-C=C-CF^. 
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The  elemental  analysis  was  consistent  for  the  adduct*  The 
proton  n.m.r.  spectrum  was  consistent  for  a  Dleis-Alder 
adduc t ,  2 , 3-bi s  ( trif luorome thyl )  norbomadi ene . 

The  addition  of  cyclopentadiene  to  sym-dichlorodifluoro- 
ethylene  was  attempted  at  150°  on  a  small  scale.  A  shoulder 
was  noticed  on  the  dlcyclopentadiene  peak.  The  reaction 
was  therefore  repeated  at  I7O0,  at  which  temperature  dicyclo- 
pentadlene  cleaves  to  give  the  monomer.  This  reaction 
Increased  the  yield  of  the  shoulder  so  that  it  became  larger 
than  the  dlcyclopentadiene  peak.  An  autoclave  reaction  of 
the  0.5  molar  scale  gave  an  11.5$  conversion  to  the  adduct, 
the  major  product  being  a  highly  viscous  high  boiling  liquid, 
which  crystallised  on  standing.  Identification  of  the  latter 
product  has  not  been  attempted,  although  from  the  similarity 
of  its  infrared  spectrum  to  the  Dleis-Alder  adduct  and  from 
previous  literature.  It  is  suspected  to  be  the  product  of 
further  addition  of  cyclopentadiene. 

The  product  formed  in  11.5$  yield,  which  was  a  low 
melting  solid,  which  was  oxidized  by  potassium  permanganate 
solution  and  decolorized  bromine.  It  gave  a  consistent 
infrared  spectrum  and  elemental  analysis  for  an  adduct. 

The  proton  n.m.r.  spectrum  was  consistent  for  the  1,4-adduct, 
5,6-dichloro-5,6-dlfluoronorborn-2-ene  (19).  The  1'F  n.m.r. 
spectrum  was  inconclusive. 

As  dechlorination  of  5,6-dlchloro-5,6-bis(trifluoro- 
me thyl } no rbo m- 2 - ene  was  easily  effected  by  activated  zinc 

in  isopropanol,  the  same  system  was  used  in  an  afct^Mp.  •-* 
dechlorinate  5?6-dichloro-5*^-difluoronorbom-2'  c  ae.  The 
starting  material  was  recovered  in  95*5$  yield. 


! 
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The  addition  of  cyclopentadiene  to  trlfluoroethylene 
was  attempted,  as  dehydrofluori nation  of  the  adduct  should 
give  the  same  product  as  the  dechlorination  attempted  on 
5.6-dichloro-5»6-difluoronorbom-2-ene.  Initial  attempts 
at  the  addition  on  a  small  scale  gave  recovered  olefin  in 
from  92-76^  yield.  It  was  noted  in  these  experiments  that 
there  was  always  a  minor  product  of  suitable  gas  chromato¬ 
graphic  retention  time  for  an  adduct.  Also  an  increase  in 
reaction  temperature  gave  a  decrease  in  the  percentage  of 
unchanged  olefin  recovered.  In  this  whole  series  of  experi 
ments  it  was  found  that  the  autoclave  reaction  where  the 
whole  vessel  was  heated  gave  superior  yields  to  the  small 
scale  experiments  in  Flscher-Porter  tubes  where  only  part 
of  the  vessel  was  heated.  Also  additions  that  had  to  be 
effected  at  higher  temperatures  gave  poor  yields  of  simple 
adduct  accompanied  by  higher  boiling  products. 

An  autoclave  addition  of  cyclopentadiene  and  trifluoro 
ethylene  was  carried  out  at  165°  and  53%  of  the  unchanged 
olefin  was  recovered.  The  adduct,  which  was  a  waxy  solid, 
was  formed  in  53%  yield  based  on  unrecovered  olefin,  the 
major  product  being  a  high  boiling  liquid  which  was  not 
identified.  The  purified  simple  adduct  was  oxidized  by' 
potassium  permanganate  and  decolorized  bromine.  It  gave 
consistent  Infrared  spectrum  and  elemental  analysis  for  an 
adduct.  The  n.m.r.,  spectrum  indicated  a  mixture  of  two 
isomers  of  5»5»b- criflucrcnofcborn-2-ene,  but  the  reckon 
n.m.r.  spectrum  was  inconclusive. 
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Dehy&rofluorinatlon  of  the  adduct  was  attempted  using 
aqueous  and  alcoholic  aqueous  potassium  hydroxide  but  no 
product  was  detected,  the  yield  of  starting  material  being 
quantitative  in  both  cases. 

Small  scale  addition  of  cyclopentadiene  to  chlorotri- 
fluoro ethylene  gave  a  44j£  recovery  of  starting  olefin,  but 
an  autoclave  reaction  gave  a  negligible  amount  of  low  boiling 
product.  A  large  amount  of  brown  viscous  liquid  of  low 
volatility  was  formed.  The  adduct,  which  was  a  liquid,  was 
formed  in  26 %  yield.  It  easily  was  oxidized  by  potassium 
permanganate  and  decolorized  bromine  solution.  The  adduct 
gave  a  consistent  infrared  spectrum  and  elemental  analysis. 
The  proton  and  n.m.r.  spectra  indicated  at  least  four 
components  which  seemed  to  be  isomers  of  both  the  1,4-  and 
1,2-  adducts. 

The  last  addition  attempted  used  isopropenylacetylene 
as  a  diene.  It  was  allowed  to  react  with  octafluorobutene-2 
as  this  olefin  gave  a  facile  reaction  with  cyclopentadiene. 
Under  the  conditions  used  no  adduct  was  detected  and  a  very 
good  recovery  of  starting  material  vras  obtained. 


IV.  EXPERIMENTAL 


Aluminum  Chloride  Catalyzed  Additions  of  Polvhaloalkanes 

it 

to  Halooleflns 

Preparation  and  Purification  of  CFC1=CFC1 

CFClgCFCl^,  (566  g. ,  2.77  mole)  was  added  dropwlse  to 
zinc  dust  (200  g. ,  3.O7  mole)  in  absolute  ethanol  (300  ml.) 
at  reflux  over  4.5  hr.  After  refluxing  for  1.5  hr.  a  total 
of  337  g*  crude  olefin  was  collected.  Distillation  gave 
material  (307  g.  84$),  b.p.  22.5-23.5°*  having  Infrared 
bands  at  5.73/*  (CF2=)  and  5.86^(cls-CF«CF-). 

Removal  of  the  CF2=CC12  was  accomplished  by  adding 
the  crude  olefin  mixture  (192  g. )  from  dropping  funnel  over 
0.75  hr.  to  a  solution  of  sodium  (0.5  g. )  in  absolute  ethanol 
(200  ml.)  at  18-24°.  After  stirring  for  2.5  hr.,  distillation 
gave  pure  CFC1=CFC1  (172  g. ,  90$  recovery),  b.p.  22-3°,  xfith 
no  infrared  band  at  5*  7>* 

Attempted  Isomerization  of  CFC1=CFC1  using  AlCl^ 

Pure  CFC1=CFC1  (21.2  g. ,  0.159  mole)  and  AlCl^  (1.0  g. ) 
were  combined  at  0°  in  a  Fischer-Porter  tube  and  rocked  for 
20  min.  More  AlCl^  (1.5  g. )  was  added  and  after  1  hr.  ano¬ 
ther  1.5  g.  were  added.  After  4  hr.  at  room  temperature 
the  mixture  was  worked  up  in  the  normal  manner  to  give  a 
liquid  (14.9  g. )  which  contained  no  CF2=CC12  (by  infrared) 
and  no  higher  boiling  material  -  only  unchanged  CFC1=CFC1. 
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Addition  of  CFCl^  to  CFC1=CPC1  using  AlCl^ 

f  OPl  rt>  O  A/l  ««  \  J  _ _ /  AAA 

\C\jj.  e>»  >  *-*vf  muic/  tmu  pure  ur\^x=ux,ui  g.  t 

1.50  mole)  were  combined  in  a  flask  at  0°,  AlCl^  (15  g. ) 
was  added  and  the  ice  bath  was  removed.  After  18  min,  AlCl^ 
(15  g.)  was  added  as  the  first  batch  had  adhered  to  the  side 
of  the  flask.  After  22  min.  another  15  g.  AlCl^  were  added 
then  the  mixture  was  stirred  for  3  hr.  AlCl^  (10  g. )  was 
added  and  the  mixture  stirred  at  room  temperature  for  2.5 
hr.  The  total  AlCl^  used  was  55  g.  (0.42  mole)  and  the 
total  time  was  6.25  br.  Normal  work-up  gave  material  (467  g. ) 
which  on  distillation  gave  CC14  (78  g. ) ,  C3C14F4  (3.3  g. ) , 
CC12=CC12  (14.2  g.),  C3C15P3  (294  g.,  722),  C3C16F2  (43  g. , 
10$),  and  higher  boiling  material  (3  g.). 


Isomerization  of  C^Cl^  by  A1C13  in  CC14 

C3C15F3  6* »  mole),  CC14  (56  g. ),  and  A1C13 

(4  g. ,  0.03  mole)  were  combined  in  a  Fischer-Porter  tube  at 
room  temperature  and  rocked  occasionally  for  61  hr.  Work-up 
gave  material  (66  g. ),  which  after  removal  of  the  CC14  (35  g.), 
gave  a  residue  (30  g. )  containing  CC14  (332,  9.9  g. ), 

CC12=CC12  (252,  7.5  g.),  C3C15F3  (152,  4.5  g.),  and 
(272,  8.1  g.).  Distillation  gave  the  latter  two  in  pure 
state  for  n.m.r.  analyses. 

Addition  of  CFC13  to  CF2=CFEr  using  i*lCl3 

CFC13  (308  g.,  2.24  mole)  and  AlCi_  (10  g. )  wr-e  com¬ 
bined  in  a  flask  at  -52°,  then  CF2=CFBr  (44  g. ,  0.273  mole) 
was  bubbled  through  the  mixture  at  -40°  to  -6°  div  ,  0.75  hr. 
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The  mixture  was  cooled  to  -20°,  then  stirred  for  3  hr. 
whilst  attaining  room  temperature.  AlCl^  (6  g. )  was  added 
and  the  mixture  was  stirred  for  1.3  hr.,  then  left  in  a 
stoppered  flask  for  60  hr.  The  total  AlCl^  used  was  16  g. 
(0.12  mole).  Work-up  gave  C^BrCl^F^  (6l  g. ,  75$),  b.p. 

125-?0. 

Attempted  Addition  of  CFJ3r^  to  CF^=CC1^  using  AlCl^ 

CF2Br2  (79  g. ,  O.376  mole),  CF2=CC12  (21  g. ,  0.158  mole), 
and  AlCl^  (6  g. ,  0.045  mole)  were  combined  at  0°  in  a  Fischer 
-Porter  tube  and  rocked  at  room  temperature  for  5.25  br. 

Only  unreacted  starting  materials  were  present. 

Attempted  Addition  of  CF^ClCFClo  to  CFC1=CFC1  using  AlCl^ 

CF2C1CFC12  (76.5  g.,  0.409  mole),  CFC1=CFC1  (2 7.6  g. , 

0.208  mole),  and  AlCl^  (8  g. ,  0.06  mole)  were  combined  in 

a  flask  equipped  with  thermometer,  magnetic  stirrer,  and 

ice  water  reflux  cor.lenser.  After  stirring  at  25.5-27.0° 

for  1  hr. ,  the  AlCl^  had  coagulated  so  the  liquid  was  decanted 

into  clean  flask  with  fresh  AlCl^  (8  g.).  The  mixture  was 

stirred  for  5  hr.  at  24.5-27.0°  then  stoppered  and  left  at 

room  temperature  for  60  hr.  Work-up  gave  a  liquid  (81. 5  g. ) 

which  was  chiefly  unreacted  alkane.  Distillation  gave 

C2C13F3  (4.5  g.),  b.p,  47.0-47.5°,  n|1,5  1.3599  and  a 

materia ,  b.p,  88-94° ,  m.p.  37. 5*3*. 5°i  identified  as 

CF  C1CC1„ .  W.m.r.  analysis  of  the  C.  Cl  _F.V  showed  * '■  to 
2  j  £*  3  J 

be  entirely  CF^C1CFC12. 
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Preparation  of  Sodium  Allyloxlde 

Allyl  alcohol  (60  g. ,  1.03  mole)  was  placed  in  a  flask 
eqiilpped  with  magnetic  stirrer,  then  sodium  (14.7  g. ,  0.64 
mclo)  was  added  slowly  in  small  pieces.  After  about  one- third 
of  the  sodium  had  been  added  the  reaction  became  sluggish  so 
more  allyl  alcohol  (52  g. 9  0.90  mole)  was  added  and  the 
mixture  was  heated  while  the  rest  of  the  sodium  was  added. 

The  solution  turned  from  colorless  to  deep  orange.  The 
excess  alcohol  was  removed  in  vacuo  to  give  a  tan  solid 
which  was  pulverized  and  stored  under  nitrogen. 

Attempted  Reaction  of  Sodium  Allyloxlde  with  CF^=CPCP^C1 
in  Dloxane 

A  suspension  of  sodium  allyloxlde  (8.0  g. ,  0.10  mole) 
in  dry  dloxane  (50  ml.)  was  cooled  in  an  ice  bath  and 
CF2=CFCF2C1  (16.8  g. ,  0.10  mole)  was  added  over  0.5  hr. 

The  mixture  was  stirred  up  to  room  temperature  over  1.5 
hr.  but  gas  chromatography  showed  no  reaction  had  occurred. 

Attempted  Reaction  of  Sodium  Allylozide  with  OFy-'-CFCF^Cl 
in  Acetone 

A  suspension  of  sodium  allyloxlde  (8.0  g. ,  0.10  mole) 
in  dry  acetone  (130  ml,)  was  cooled  to  0°  then  CF2=CFCF2C1 
(14.2  g, ,  O.O85  mole)  was  added  in  4C  min.  The  mixture  was 
stir'.’'  0.  to  room  temperature  for  --  hr,  but  none  of  the  expected 
product  was  formed. 
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Reaction  of  Allvlmagneslum  Bromide  with  CF^=CPCF^Ci 

Magnesium  (0.5  g. ,  0.352  mole)  and  dry  ether  (120  ml.) 
were  combined  In  a  dry  flask  under  nitrogen.  The  magnesium 
was  activated  by  adding  a  few  drops  of  CH^BrCH^Br  and  stirr¬ 
ing  at  room  temperature  for  18  min.  The  flask  was  then 
cooled  in  an  ice  bath  and  allyl  bromide  (18.0  g. ,  0.149  mole) 
In  dry  ether  (20  ml.)  was  added  dropwlse  during  20  min. 

The  resulting  mixture  was  stirred  for  6  min.  then  filtered 
into  a  dry  dropping  funnel.  The  solid  residue  was  also 
washed  with  ether  and  the  ether  was  combined  with  the  Grignard 
solution. 

Dry  ether  (20  ml.)  and  CF2=CFCF2C1  (13.0  g. ,  O.O78  mole) 
were  combined  at  0°.  The  Grignard  solution  was  added  dropwise 
to  give  an  Immediate  white  precipitate.  After  0.25  hr. 

(ca.  one-fourth  the  Grignard  had  been  added)  a  gray  sludge 
had  formed  which  made  stirring  difficult.  The  remaining 
Grignard  was  added  during  0.5  hr.  After  stirring  to  room 
temperature  for  7  min,  water  was  added  and  the  mixture  was 
left  overnight.  The  ether  layer  was  washed  with  dilute 
sulfuric  acid,  then  dried  over  Drierite.  The  aqueous  layer 
gave  positive  tests  for  chloride  and  fluoride  ions.  Dis¬ 
tillation  gave  a  residue  (12.5  g. )  containing  some  ether, 
a  small  amount  of  allyl  bromide  and  compounds  I  and  II. 

Further  distillation  gave  ether  (4.2  g.),  allyl  bromide 
(0.4  g.),  I  (1.7  g. ),  and  a  residue  (5*0  g. ).  This  latter 
contained  I  (34$,  1.7  g. ) ,  II  (40$,  2.0  g. ) ,  and  three  higher 
boiling  components  (26$,  1.3  g.).  Preparative  gas  chromato¬ 
graphic  separation  (silicon  elastomer,  110°)  gave  pure  I, 
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b.p,  96-80  (micro),  n^0*-*  1.379?*  with  a  strong  Infrared 
band  at  5»94/t  an<^  a  weaker  band  at  6.08/rand  pure  II,  b.p, 
139-40j  (micro),  I.3970,  with  medium  Infrared  bands 

at  5»?8  and  6.08^.  Anal,  for  I  calc'd.  for  C^H^CIF^:  C, 
18.81;  F,  40.32.  Found:  Cl,  16.93;  F,  37. 14,  Identified 
as  CH2=CHCH2CF2CF=CFC1.  Anal,  for  II  calc’d.  for 
C,  55.64;  H,  5.20;  F,  39.16.  Found:  C,  55-77;  H,  5-20; 

F,  39-45,  identified  as  CH2=CHCH2CF=CFCF2CH2CH=CK2. 

Fluoronltroso  Compounds 

Preparation  of  CF2=CFCH2CH=CH2  and  Its  Reaction  with  N0C1 
CH2=CHCB2C1  (3.14  g.,  1.5  mole)  and  benzoyl  peroxide 
(24  g. ,  0.092  mole)  were  added  to  a  refluxing  solution  of 
CF2BrCFClBr  (1100  g. ,  4.0  mole).  Reaction  was  continued 
for  another  7  hr.  Excess  CFgBrCFCIBr  was  distilled  off 
and  the  residue  was  washed  with  sodium  carbonate  solution 
and  Ho0  and  dried.  Distillation  gave  the  adduct 
CF2BrCFClCH2CHBrCH2Cl  (146  g. ,  2Q.Z%),  b.p.  90°/6  mm. 

(lit.  b.p.  90 °/6  mm.).  Dehalogenatlon  of  the  adduct  was 
carried  out  as  usual  by  zinc  in  ethanol.  Fractional  dis¬ 
tillation  gave  the  diene  CF2=CFCH2CH=CH2  (23  g. ,  4 5*8#)* 

b.p.  380  (lit.  38°/8?0  mm.). 

Nltrosyl  chloride  (3*3  6* »  0,05  mole)  was  added  to  a 
stirred  mixture  of  CF2-CFCH2CH=CH2  (6.2  g. ,  0.05  mole), 
AlCl^  (6.7  g. ,  0.05  mole)  and  DKF  (100  ml.)  at  0°,  and 
the  'reaction  continued  for  3  hr.  The  color  of  the  solution 
changed  from  yellow  to  greenish  brown.  Water  was  added 


slowly  to  a  reaction  mixture  and  a  blue  organic  liquid 
(2.1  g. )  was  obtained.  Gas  chromatographic  analysis  of  the 
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product  snowed  Ui*‘2= ur un2 <jn=  un2  v±*o  g.  ;f  ^r2UAur  liW/VA12 
(0.3  g. )  and  a  trace  of  high  boiling  material. 


CF2C1CF(N0)CH2CH=CH2,  which  was  purified  by  preparative  gas 
chromatography  .  had  the  following  properties:  No  definite 


boiling  point  at  normal  pressures,  color  changed  slowly  to 
green  at  ca.  100°,  to  greenish  yellow  at  ca.  110  ,  to 

c 

yellowish  brown  at  ca.  115  »  to  dark  brown  at  ca.  120  • 

Anal,  calc'd.  for  CcHcClF,N0:  C,  32.02;  H,  2.68.  Found: 
— —  5  5  3 

C,  32.22;  H,  2.76. 


Preparation  of  CF2=CFCH=CH2  and  its  Reaction  with  N0C1 

CF2BrCFClCH=CH2  (135  g. ,  0.5  mole),  which  was  prepared 
by  addition  of  CFgBrCFCIBr  to  CH2=CB2,  followed  by  dehydro - 
brominatlon,  was  added  to  a  stirred  refluxing  suspension 
of  Zn  (60  g.,  0.7  mole),  ZnCl2  (2.0  g.)  and  in  EtOH  (200  ml.) 
over  a  period  of  two  hours  and  the  reaction  was  continued 
for  another  two  hours.  The  product  which  was  collected  in 
a  cold  trap  (-?8°)  was  distilled  to  give  CF2=CFCE=CH2  (48  g. , 
89#) ,  b.p.  8°. 

CF2=CFCH=CH2(10.8  g. ,  0.1  mole)  was  condensed  into  a 
stirred  mixture  of  AlCl^  (13*4  g. ,  0.1  mole),  N0C1  (9»°  » 

0.15  mole)  and  CNF  (100  ml.)  at  0°.  The  color  of  the 
solution  changed  from  orange  to  greenish  yellow  shortly 
after  the  addition  of  the  diene  and  then  changed  to  orange 
again.  After  five  hours,  water  was  added  and  the  organic 
layer  was  separated  and  dried. 


The  crude  light  yellow  product  (13  g. ),  which  consisted 
of  one  major  component  (over  95%) >  was  separated  by  prepara¬ 
tive  gas  chromatography  to  yield  the  major  product  as  a 


colorless  liquid 


h.-n.  179-T7ftU  fml  nt-n  \  1  nOO  <  Who, 
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infrared  absorption  peaks  at  5.7 0  -and  6.05  are  character¬ 
istic  of  -CF=CH-,  and  CH2=CH-,  respectively.  When  the 
reaction  was  carried  out  with  CF2=CFCH=CH2  (7.8  g. ,  0.07 
mole),  NO Cl  (5.9  g. ,  0.09  mole),  A1C1,  (6.7  g. ,  0.05  mole) 

j 

and  DMF  (80  mi.),  the  color  of  the  reaction  mixture  was 
light  green,  which  after  treatment  with  water,  yielded  a 
blue  liquid  (6,9  g.). 

Though  the  main  product  was  the  same,  a  trace  of  a 
bli*e  compound,  probably  a  nitroso  compound,  was  obtained. 

\irther  attempts  at  making  the  nitroso  compound  will 
be  continued. 


Preparation  of  CF^CFCH^CHCF^  and  its  Reaction  with  N0C1 
CF2C1CFC1I  (279  g.,  1.0  mole),  CF3CH=CH2  (28.8  g. , 

0.03  mole)  and  benzoyl  peroxide  (2  g.)  were  allowed  to  react 
in  an  autoclave  at  100°  for  four  hours.  Excess  CF2C1CFC1I 
was  distilled  off  and  the  residue  was  fractionated  to  give 
CF2C1CFC1CH2CHICF3  (90  g.,  77.5^),  b.p.  6l°/l8  mm. 
Dehydroiodination  was  effected  by  aqueous  potassium  hydroxide 
(100  g.  in  60  ml.)  and  CF2C1CFC1CH=CHCF3  (40  g. ,  6?A%)  was 
obtained.  Dechlorination  by  zinc  dust  in  ethanol  gave 
CF2=CFCH=CHCF3  (15.8  g.,  56%),  b.p.  49°. 


—  I . 


CF\=CFCH~CHtP-  (13.8  g. ,  0.08  mole),  N0C1  (9.8  g. ,  0.15 
c  j 

mole),  AlCl^  (6.7  g. ,  0.05  mole),  and  DMF  (100  ml.)  were 
allowed  to  react  at  0°.  After  two  hours,  the  mixture  was 

treated  With  H  ^  0  I  <  wol  I  AM  *7  7  cr  \  ‘dtoe 
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obtained.  The  main  product  was  a  colorless  liquid  rather 
than  a  blue  nitroso  compound.  A  sample  has  been  submitted 
for  elemental  analysis. 


Free  Radical  Reactions  of  Haloalkanes  with  Olefins 

Preparation  of  CCl^CF^CFJBr 

CCl^Br  (396  g. ,  2  moles),  Bz202  (3  g. ) ,  and  CF2=CF2 
(?8«5  g* t  O.78  mole)  were  heated  in  an  autoclave  at  100° 
for  8  hr.  The  autoclave  was  vented  and  gaseous  material 
(1  g. ),  which  was  mainly  CP2=CF2,  was  condensed  out.  A 
liquid  mixture  (448.5  g.)  which  contained  29.6$  adduct  (44.5$ 
yield  based  on  CF2=CF2  used)  was  obtained.  On  distillation 
almost  pure  CCl^CF2CF9Br  (135  g» )  was  obtained  from  the  re¬ 
action  mixture.  This  product  is  to  be  allowed  to  react  with 
ethylene  under  free  radical  conditions. 


Preparation  of  1.2-Dlbromohexafluorocyclobutane 

CF2=CFBr  (297  g.)  was  heated  in  an  autoclave  for  12  hr. 
at  190°.  Unchanged  CF'2=CFBr  (1*5  g«)  was  condensed  out  of 
the  autoclave.  On  distillation,  the  residual  liquid  yielded 
1,2-dibromohexafluorocyclobutane  (86  g. ,  30$  yield). 


Addition  of  1 .2-Dibromohexafluorocyclobutane  to  Ethylene 

1 , 2-Dibromohexafluorocyclobutane  (83  g. ) ,  ethylene  (5  g* ) , 
ana  benzoyl  peroxide  (1  g.)  were  heated  in  an  autoclave  at 
100^  for  12  hr.  On  venting  the  autoclave  an  almost  quantita¬ 
tive  yield  of  ethylene  was  condensed  out.  A  gas  chromatogram 
of  the  residual  liquid  indicated  two  higher  boiling  products* 
as  less  than  of  the  mixture,  which  could  not  be  Isolated. 

Addition  of  CF^ICF^I  to  Ethylene 

(a)  Ethylene  was  passed  into  CFgICFgl  at  100°  and  in 
the  presence  of  Bz202  for  4  hr.  Gas  chromatography  indicated 
the  absence  of  any  higher  boiling  material  in  the  reaction 
mixture. 

(b)  CF2ICF2I  (352  g.),  Bz202  (1.5  g.)f  and  ethylene 
(16.2  g. )  were  heated  In  an  autoclave  at  100°  for  12  hr. 

Highly  volatile  material  (20  g. )  was  condensed  out  of  the 
autoclave.  It  was  mostly  ethylene.  The  residual  liquid 
showed  one  high  boiling  product  In  less  than  2%  yield  (by 
gas  chromatography).  Most  of  the  CFgICFgl  was  distilled  off 
and  the  residue  treated  directly  with  alcoholic  potassium 
hydroxide.  A  dehydrohalogenation  product  was  Indicated  by 
gas  chromatography,  but  it  was  in  insufficient  quantity  to 
be  isolated. 

(c)  When  the  above  reaction  was  repeated  at  220°  and 
In  the  absence  of  Bz202,  only  solid  material  was  obtained. 

No  liquid  product  was  obtained  when  this  solid  material  was 
heated  with  alcoholic  potassium  hydroxide. 
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Addition  of  CF^BrCFHBr  to  Ethylene 

CF^BrCFHBr  (29?  g. ) ,  Bz^O^  (1.5  g.),  and  ethylene  (9  g. ) 
were  heated  In  an  autoclave  at  100°  for  12  hr.  An  almost 
quantitative  recovery  of  ethylene  was  obtained  on  venting 
the  autoclave.  A  gas  chromatogram  Indicated  the  absence  of 
any  higher  boiling  material  in  the  residual  mixture. 

Addition  of  CF^CFBrCFBrCF^  to  Ethylene 

(a)  CF^CFBrCFBrCF^  was  made  by  passing  perfluorobutene-2 
into  bromine.  CF^CFBrCFBrCF^  (82  g.),  B2202  ^  and 
ethylene  (6  g. )  were  heated  In  an  autoclave  at  100°  for  12 
hr.  The  gaseous  material  was  collected  In  a  cooled  trap. 

The  residual  liquid  contained  one  higher  boiling  material 
as  less  than  J%  of  the  mixture. 

(b)  CF^CFBrCFBrCF^  (346  g. ) ,  benzoyl  peroxide  (10  g. ) , 
and  ethylene  (14.5  g. )  were  heated  in  an  autoclave  at  100° 
for  8  hr.  Gaseous  material  (30  g. )  was  condensed  out  on 
venting  the  autoclave.  From  the  gas  chromatogram  this  was 
shown  to  be  a  mixture  of  very  low  boiling  material  (8.5  g. ) 
and  octafluorobutene-2  (21.5  g.).  The  residual  liquid  (317  g. ) 
was  a  mixture  containing  the  three  main  components, 
octafluorobutene-2,  CF^CFBrCFBrCF^  and  CI^BrCI^Br.  Distilla¬ 
tion  gave  octafluorobutene-2  to  give  a  total  yield  of  29% 
from  distillate  and  low  boilers.  Distillation  also  yielded 
CF^CFBrCFBrCF^  (201.5  g. )  and  CH^BrCHgBr  in  21%  yield. 
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Addition  of  CF^CFBrCFJ3r  to  Allvl  Chloride 

CP^CFBrCFgBr  (254  g. ) ,  benzoyl  peroxide  (1  g. ) ,  and 
allyl  chloride  (38.5  g.)  were  heated  in  an  autoclave  at 
100°  for  12  hr.  The  reaction  mixture  was  examined  by  gas 
chromatography.  No  higher  boiling  product  waj  indicated. 

Addition  of  CF-JCF^I  to  Allvl  Chloride 

Allyl  chloride  (7.65  g. ) ,  CFgICFgl  (?0.6  g.),  and  benzoyl 
peroxide  (0.5  g.)  were  heated  in  a  Fischer-Porter  tube  at  100 
for  8  hr.  The  reaction  mixture  was  examined  by  gas  chromato¬ 
graphy  which  indicated  no  high  boiling  products. 

Addition  of  CF^CFBrCF^Br  and  CF^BrCF^Br  to  C^h.-OCH^-CH^CHq 
Additions  were  attempted  as  in  the  previous  two  experi¬ 
ments  but  in  both  cases  gas  chromatography  showed  no  higher 
boiling  products. 

Addition  of  1.2-Dlbromohexafluorocvclobutane  to  1.3-Butadlene 

1 , 2-Dibromohexaf luorocyclobutane  (68  g. ),  benzoyl  peroxide 
(1  g.),  and  1,3-butadiene  (9  g.)  were  heated  in  an  autoclave 
at  100°  for  12  hr.  The  autoclave  was  vented  and  the  gaseous 
material  was  collected  in  a  cold  trap.  Most  of  the 
1,3-butadlene  was  recovered  while  gas  chromatography 
indicated  the  absence  of  any  higher  boiling  material  in 
the  residual  mixture. 

Addition  of  Iodotrlfluorome thane  to  1.3-Butadlene 

Iodotrifluorome thane  (101  g. )  and  1,3-butadiene  (14  g. ) 
were  heated  in  an  autoclave  at  200°  for  8  hr.  Gaseous  material 
(83  g. )  was  collected  of  which  23*5  g*  was  material  boiling 
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The  residual  product  was  a  solid 


in  the  range  -?0  to  -80°. 
material  and  iodine.  It  appeared  that  the  1,3 -butadiene 
polymerized.  No  1:1  or  1:2  adducts  were  detected. 

Addition  of  Vlnvl  Iodide  to  Tetrafiuoroethylene 

Vinyl  Iodide  (28.5  g*)  and  tetrafiuoroethylene  (23  g* ) 
were  exposed  to  sunlight  in  a  22  It.  flask  for  16  hr.  The 
contents  of  the  flask  were  vacuum  transferred  to  a  cold 
trap  to  yield  a  liquid  (41.5  g*)  which  consisted  of  tetra¬ 
fluoro  ethylene  (21  g.)  and  vinyl  iodide  (20.5  g.)  but  no 
higher  boiling  material.  A  high  boiling  material  (10  g. ) 
remaining  in  the  flask  showed  several  high  boiling  components 
by  gas  chromatography.  No  simple  one  to  one  addition  product 
appeared  to  be  formed. 

Addition  of  Allvl  Iodide  to  Tetrafiuoroethylene 

Allyl  iodide  (108  g. ),  tetrafiuoroethylene  (38  g. ) , 
and  benzoyl  peroxide  (1  g.)  were  heated  in  an  autoclave 
at  100°  for  8  hr.  On  venting  the  autoclave  gaseous  material 
(17  g. )  was  condensed  out  which  was  almost  pure  tetrafiuoro¬ 
ethylene.  The  residual  liquid  (90.5  g.)  and  some  solid 
product  were  recovered  from  the  autoclave.  A  gas  chromato¬ 
gram  of  the  liquid  showed  six  components  in  the  following 
proportions: 
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$  of  Residual 
Liquid 

by  Peak  Areas 

Component 

Estimated 

Wt. 

%  Yield'* 

I 

1$ 

Low  boiling  (probably  CFp=CF?) 

0.75  g. 

II 

14$ 

ch3chich3 

10.5  g. 

28 

III 

37.5$ 

ch2=chch2i 

28.0  g. 

IV 

3.5$ 

CH2=CH-CH2CF2CF2CH2-CH=CH2 

2.6  g. 

6 

V 

26$ 

ch2=ch-ch2cf2cf  a 

19.5  g. 

34 

VI 

18.2$ 

CF2ICF2I 

13.7  g. 

37.5 

Based  on  CF2=CF2  used. 


The  liquid  mixture  was  distilled,  to  yield  components 
II  through  VI,  and  a  residue  (15  g.).  The  compounds  were 
further  purified  by  gas  chromatography  to  show  the  following 
properties: 

II  identified  as  CHICHI CH0*,  n*°  1.4996;  d21  1.666 

j  j  ^ 

(lit.  b.p.  69.5°,  n£°  1.4996;  d20  I.703).  Analysis  calc'd. 
for  C^Hyl:  C,  21.09;  H,  4.12;  I,  74.8.  Found:  C,  21.43, 

H,  4.29,  I,  73. 11/S. 

IV  identified  as  CH2=CH-CH2CF2CF2CH2-CH=CH2;  b.p.  118°; 

n£°  1.3721.  Analysis  calc’d.  for  CqH^F^:  C,  52.75;  H,  5.49; 
F,  41.76.  Found:  C,  52.33;  H,  5.31;  F,  (by  difference) 

42.36$.  No  iodine  was  found  in  this  compound. 

V  identified  as  CH2=CH-CB2-CF2CF2I;  b.p.  114°;  r£°  1.4388. 
Analysis  calc*d.  for  C^H^F^I:  C,  22.39;  H,  1.87;  I,  47.73. 
Found:  C,  22.93;  H,  1.99;  I,  48.88$. 

VI  identified  as  CFgICFgl;  b.p.  108.5°,  r^°*5  1.4892; 

d21  2.581  (lit.  b.p.  112-3°;  1.4895;  2.6293). 

Analysis  calc’d.  for  CFgICFgl:  C,  6.91;  H,  0.0;  I,  71.80. 

Found:  C,  7*81;  H,  0.22;  I,  70*24$. 


Reaction  of  CH^-CffitoCI  with  CF^ICF^X 

CHg-CHflgCl  (0.05  mole)  In  T.H.P.  was  added  dropwlse 
to  a  stirred  mixture  of  CF^ICF^I  (0.05  mole)  in  T.H.F. 

C 

The  reaction  mixture  was  added  to  dilute  hydrochloric  acid, 
the  organic  layer  was  washed  several  times  with  water  and 
dried.  A  gas  chromatogram  showed  only  one  lower  boiling 
product  as  a  minor  component  together  with  unreacted 
CF^ICF^I  and  T.H.F.  The  low  boiling  product  was  Isolated 

IQ 

by  preparative  gas  chromatography.  The  proton  and  'F  n.m.r. 
spectra  indicate  only  vinyl  protons  and  the  absence  of 
fluorine.  It  has  the  same  gas  chromatographic  retention 
time,  infrared  and  n.m.r.  spectra  as  CH2=CHI.  Elemental 
analysis  calc*d.  for  Cya^I:  C,  15-5;  H,  1-95;  I»  82.47. 
Found:  C,  17«76j  H,  2.5&J  I»  79*b2^. 

Reaction  of  CH^CH-CH^MgBr  with  CP^CF^I 

CH2=CHCH2MgBr  (0.1  mole)  in  ether  was  added  dropwlse 
to  a  stirred  solution  of  CFgICF,,!  (30  g. )  in  ether  (100  ml.) 
Tae  reaction  mixture  was  refluxed  for  0.5  hr.,  then  cooled 
and  hydroly  'ed  with  dilute  hydrochloric  acid..  The  organic 
layer  was  separated,  washed  with  water  and  dried.  Gas 
chromatography  indicated  only  one  lower  boiling  product 
which  had  the*  same  gas  chromatographic  retention  time  as 
allyl  iodide.  This  will  be  separated  and  its  properties 
will  be  compared  with  allyl  iodide. 


Reaction  of  CF^BrCF^CH=CH^  with  Nitric  Oxide 

A  3  It.  flask  was  charged  with  mercury  (?0  ml.), 
evacuated,  and  CF0I'  '3F0CH=CH0  (2.9  g. )  added  to  give  a 

K,  C. 

pressure  of  83  mm.  Nitric  oxide  was  added  to  increase 
the  pressure  to  I85  mm.  The  flask  was  irradiated  with 
sunlight  for  12  hr.  The  volatile  material  was  collected 
in  a  trap.  The  absence  of  blue  color  indicated  that  no 
nitroso  compound  was  formed. 

Reaction  of  ICF^CF^CH^-CI^CH^  with  Nitric  Oxide 

A  5  It.  flask  was  charged  with  mercury  (?0  ml.), 
evacuated,  and  CH2=CHCH2CF2CF2I  (7.8  g. )  condensed  In. 

Nitric  oxide  was  added  to  a  pressure  of  245  mm.  The  flask 
was  irradiated  with  sunlight  for  12  hr.  There  was  a  reduc¬ 
tion  of  pressure  of  117  mm.  The  product,  which  had  blue 
color,  was  collected  in  a  cold  trap,  but  when  this  was 
brought  to  room  temperature  the  blue  color  discharged  to 
leave  a  yellow  viscous  liquid. 

Reaction  of  CF^CF2CC1^  with  1-Octene 

CF^C?2CC1^  (262  g. ),  benzoyl  peroxide  (5  g. ) ,  and 
1-octene  (46  g. )  were  refluxed  for  18  hr.  Most  of  1-octene 
was  consumed  and  gas  chromatography  Indicated  two  higher 
boiling  materials,  which  will  be  identified  in  the  future. 

Preparation  of  CCl^CF^CPClCH^CiU  Irom  CCl^CF^FClCIL.CH^r 
CCl^CFgCFClBr  (i?2  g. ) ,  benzoyl  peroxide  (1  g. ) ,  and 
ethylene  (8  g.)  were  heated  in  an  autoclave  at  100°  for 
8  hr.  On  opening  the  autoclave  ethylene  (5  g.)  condensed  out. 
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The  residual  mixture  was  distilled  to  remove  most  of  the 


^^CFgCFClBr.  resi^ue  was  refluxed  with  potassium 
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i.eaci/ion  mixture  was  poured  into  water,  the  organic  layer 
was  washed  with  water  and  dried.  The  organic  liquid  (11.5  g. ) 
obtained  showed  one  main  component  by  gas  chromatography. 

This  was  purified  by  preparative  gas  chromatography  to 
yield  a  liquid:  b.p.  182°,  n^1  1.4504,  d21  I.6357. 

Analysis  calcM.  for  C^CL^F  •.  MfiD,  44.3;  Cl,  54.1. 

Found:  43. 1;  Cl,  53.90$. 


Attempted  Formation  of  Radicals  from  CFrClCFClI  and  CF^BrCFClBr 
and  Their  Reaction  in  situ  with  Aromatic  Nuclei 


Reaction  of  Benzene  with  CF^BrCFClBr  in  the  Presence  of 
Benzovl  Peroxide 

Benzene  (O.78  g. ,  0.01  M) ,  CFgBrCFCIBr  (2.76  g. ,  0.01  M) 
and  benzoyl  peroxide  (0.26  g.,  0.001  M)  were  heated  in  a 
sealed  Fischer-Porter  tube  on  *n  oil  bath  at  155°  for  96 
hours.  Gas  chromatographic  examination  of  the  products 
showed  peaks  corresponding  to  starting  materials,  bromobenzene 
and  suspected  C^E^CFClCFgBr.  The  latter  two  components  were 
9$  and  5$  by  peak  areas  respectively. 

Benzene  (0.78  g. -  0.01  M)  and  CF^BrCFClBr  (4.48  g. , 

O.OI65  M)  were  sealed  in  a  Fischer-Porter  tube  and  heated 
on  an  oil  bath  at  181-188°  for  78  h^  irs.  The  product  on 
gas  chromatographic  examination  showed  no  long  retained 
materials. 


Peroxide  on  the  Reaction  of  Benzene 


with  CP^CICFCII 
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0.03  M) ,  Ci^L'lUPCil  (4.19  g.  ,  0*015  H)  and  benzoyl  peroxide 
(O.38  g. ,  0.0015  M).  A  similar  tube  was  charged  with  benzene 


(2.34  g.)  and  CF^CICFCII  (4.19  g.)  only.  The  tubes  were 
sealed  and  heated  together  on  an  oil  bath  at  170°  for  89 


hours . 


A  gas  chromatogram  of  the  products  showed  that  long 
retained  material  (pure  C^H^CFClCFgCl)  formed  2 $  of  the 
volatile  products  when  benzoyl  peroxide  was  absent  (98$ 
unchanged  starting  materials).  In  the  presence  of  benzoyl 
peroxide  long  retained  material  (one  peak  on  Si  gum  at  180°) 
formed  18$  of  the  volatile  produces  (82$  unchanged  starting 
material) .Re-examination  of  the  gas  chromatogram  on  Silicon 
gum  at  100°  and  I3O0  showed  that  the  long  retained  material 
was  18$  iodobenzene  and  82$  C^H^CFCICF^CI :  overall  yield  of 
C^H^CFClCFgCl  in  benzoyl  peroxide  initiated  reaction  was  14.8$. 


Comparison  of  the  Reaction  of  Iodobenzene  and  Benzene  with 

cf2cicfcii 

Iodobenzene  (2.04  g. ,  0.01  M)  and  CF2C1CFC1I  (2.79  g*» 
0„1  M)  were  sealed  in  a  Fischer-Porter  tube.  In  a  similar 
tube  benzene  (0.8  g* ,  0.01  M)  and  CF^CICFCII  (2.79  g* »  0.01M) 
were  sealed.  The  tubes  were  heated  together  on  an  oil  bath 
at  140-4°  for  88  hours. 

There  was  insufficient  reaction  to  measure  gas  chromato¬ 
graphic  peak  areas  to  obtain  a  comparison. 


Reaction  of  Benzene  and  CF^CiCFClI  In  the  Presence  of 
Mercury  or  Copper 

A  Flscher-Porter  tube  was  charged  with  benzene  ( 0 . 78  g. , 
0.01  M),  CFgCICFClI  (2.79  g. ,  0.1  M)  and  clean-  dry  mercury 
(7.5  g. ,  0.0375  M).  A  similar  tube  was  charged  with  benzene 
(0.?8  g.,  0.01  M),  CFgCICFClI  (2.79  g.,  0.01  M)  and  electro¬ 
lytic  copper  dust  (1.92  g.,  O.0303  M).  Another  tube  was 
charged  with  benzene  (O.78  g. ,  0.01  M)  and  CFgCICFClI  (2.79  g. 
0.01  M)  only.  The  tubes  were  sealed  and  heated  together,  with 
occasional  shaking,  on  an  oil  bath  at  170°  for  88  hours. 

The  organic  liquid  of  the  first  (Hg)  and  last  tubes 
(blank)  were  examined  by  gas  chromatography.  In  the  second 
tube  (Cu)  the  organic  liquid  and  copper  powder  formed  a 
solid  mass  and  therefore  a  direct  gas  chromatographic  examina¬ 
tion  could  not  be  made  with  the  two  other  reactions.  The 
reaction  in  the  presence  of  mercury  showed  a  9*3%  conversion 
to  C^H^CFClCFgCl  (free  from  CgH^-I)  v/hereas  in  the  blank 
experiment  the  conversion  was  2.3%. 

The  Reaction  of  Pentafluorobenzene  with  CF^CICFCII  in  the 
Presence  of  Benzoyl  Peroxide 

Pentafluorobenzene  (2.79  g* »  0.0166  M) ,  CF2C1CFC1I 
(4.19  g. ,  0.015  M)  and  benzoyl  peroxide  (0.36  g. ,  0.0015  M) 
were  sealed  in  a  Fischer-Porter  tube  and  heated  on  an  oil 
bath  at  171-8°  for  84  hours.  A  long  retained  peak  formed 
6%  of  the  volatile  products  (by  gas  chromatography). 
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Reaction  of  Pentafluorobenzene  with  CF^CICFCII  and 
CFJBrCFCIBr  In  the  Presence  of  Benzoyl  Peroxide  (A 
Comparison  Experiment). 

Pentafluorobenzene  (1.70  g. ,  0.01  M),  CFgCICFClI  (2.79  g. , 
0.01  M)  and  benzoyl  peroxide  (1.03  g. ,  0.00425  M)  were 
sealed  in  a  Fischer-Porter  tube  (tube  1).  Pentafluorobenzene 
(I.74  g.),  CF^CICFCII  (2.79  g.)  and  benzoyl  peroxide  (0.5  g. > 
0.002  M)  were  sealed  in  a  Fischer-Porter  tube  (tube  2). 
Pentafluorobenzene  (1.71  g.),  CF2BrCFClBr  (2.77  g. ,  0.01  M) 
and  benzoyl  peroxide  (0.5  g. »  0.002  M)  were  sealed  In  a 
similar  tube  (tube  3)*  The  three  tubes  were  heated  together 
on  an  oil  bath  at  168-172°  for  114  hours. 

The  products  were  examined  by  gas  chromatography  to 
show  the  following  percentages  of  long  retained  products: 

Tube  1,  26.8/6;  Tube  2,  8.4$;  Tube  3,  22.8$.  The  remaining 
/3.2$  and  81.6$  in  tubes  1  and  2  were  starting  materials 
and  very  minor  short  retained  products.  In  tube  3,  in 
addition  to  starting  materials,  there  was  also  2.6$  of 
a  long  retained  product. 

The  product  in  tube  1  was  separated  by  preparative 
gas  chromatography  (Si  gum  110°)  to  yield  the  long  retained 
product  (0.29  g. )  which  was  shown  by  infrared  spectroscopy 
to  be  lodobenzene  containing  a  minor  impurity.  The  major 
long  retained  product  in  tube  3  corresponded  by  v.p.c.  to 
bromobenzene. 


Additions  of  Cvclooentadlene  to  Various  Fluoroolef Ins 


Dlels-Alder  Addition  of  Cyclopentadlene  and  Perfluoro¬ 
propene 

A  Flscher-Porter  tube  was  charged  with  freshly  dis¬ 
tilled  cyclopentadlene  (2.06  g.,  O.O31  M)  and  hydroqulnone 
(0.1  g.).  Perfluoropropene  (5.2  g. ,  O.035  M)  was  condensed 
into  the  tube  under  vacuum  and  the  tube  was  heated  at  17O0 
for  117  hours.  Unchanged  perfluoropropene  (1.5  g.»  29^) 
was  recovered  and  the  residual  liquid  examined  by  gas  chroma¬ 
tography  to  show  ca.  91$  Dieis-Alder  adduct,  the  other  com¬ 
ponents  being  perfluoropropene  and  dicyclopentadiene  (trace). 
The  liquid  was  separated  by  gas  chromatography  (Si  gum  100°) 
to  give  5-trifluoromethyl-5,6-difluoronorborn-2-ene  (1.0  g. , 
19%%  based  on  unrecovered  olefin)  b.p.  140°;  n^°  1.3774  (lit. 

n  on 

b.p.  141  ;  n^  1.3741),  which  was  oxidized  by  an  acetone 
solution  of  potassium  permanganate  and  decolorised  bromine 
in  carbon  tetrachloride.  The  low  recovery  of  Dlels-Alder 
adduct  may  be  due  to  poor  gas  chromatographic  recovery  but 
probably  is  due  to  the  presence  of  a  high  percentage  of 
involatile  material  in  the  product,  such  as  the  products 
of  further  Dieis-Alder  additions. 

The  proton  n.m.r.  spectrum  of  the  simple  adduct  was 
typical  of  a  1,4-adduct  (19). 

Dlels-Alder  Addition  of  Cyclopentadlene  and  Perfluorobutene-2 

A  Fischer-Porter  tube  was  charged  with  freshly  distilled 
cyclopentadlene  (2.0  g. ,  O.O303  M)  and  hydroqulnone  (0.1  g.). 
Perfluorobutene-2  (6.3  g. «  O.O315  M)  was  condensed  into  the 
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tube  under  vacuum  and  the  mixture  was  heated,  on  an  oil 
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leaked  during  the  reaction  and  1.0  g.  oi‘  material  was  lost. 
Unchanged  perfluoro butene-2  (0.05  g.)  was  recovered  on 
opening  the  tube.  The  residual  crude  product  (6.0  g. ) , 
which  contained  perfluorobutene-2  and  traces  of  cyelopenta- 
diene  in  addition  to  a  main  product  of  the  suspected  Diels 
-Alder  adduct,  was  separated  ay  gas  chromatography  (Si  gum 
100°)  to  yield  5»6-bis( trifluoromethyl)-5,6-difluoro-norborn 
-2-ene  (4.0  g. ,  5 0 %  based  on  cyclopentadiene) .nj2*^  I.3655. 
Analysis  calc*d.  for  C^E^Fgj  C,  40.62;  H,  2.2?;  F,  5?. 11. 
Found:  C,  40.46;  H,  2.26;  F  (by  difference),  57.28#.  The 
norbomene  was  oxidized  by  an  acetone  solution  of  potassium 
permanganate  and  decolorised  a  3#  bromine  solution  in  carbon 
tetrachloride.  It  gave  consistent  infrared  and  *^F  n.m.r. 
spectra.  The  proton  n.m.r.  speccrum  proved  the  adduct  to 
be  a  Diels-Alder  adduct  rather  than  a  1,2-adduct  (19). 

A  large  scale  experiment  in  a  300  ml.  autoclave  at 
150°  for  17  hr.  gave  an  estimated  88#  yield  of  product. 


Attempted  Dehalogenatlon  of  5.6-Dlfluoro-5.6-bls(trlfluoro- 
methyl )  norbomene 

The  norbom-2-ene  (30.0  g. )  was  added  dropwise  over  a 
period  of  15  min.  to  a  stirred  suspension  of  zinc  (12  g. ) 
and  zinc  chloride  (0.1  g.)  in  isopropanol  (40  ml.).  The 
refluxing  was  continued  for  a  further  4  hr.  Mo  reaction 
was  Indicated  by  gas  chromatography.  A  further  10  g.  of 
zinc  was  added  and  the  stirred  mixture  refluxed  for  1.75  hr. 
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There  was  no  apparent  reaction.  The  zinc  was  filtered  off 
and  the  filtrate  fractionated  to  remove  most  of  the  isopropanol, 
The  residue  was  separated  by  gas  chromatography  (Si  gum  100°) 
to  yield  the  norbor-ueae  (21,9  g. ,  73^  recovery),  as  indicated 
by  infrared  spectroscopy. 

Attempted  Dehydrohalogenatton  of  *> ,6-Dlfluoro-5.6-blsCtrl- 
f  luoromethyl  )norbomene 

The  norbom-2-ene  (2.75  g.)  was  dropped  on  to  molten 
potassium  hydroxide  (10  g. )  at  220°.  After  refluxing  for 
1  min.  the  mixture  was  cooled,  water  was  added  and  the 
organic  layer  separated  to  yield  unchanged  starting  material 
(2.3  g»*  84#  recovery)  as  shown  by  gas  chromatography  and 
infrared  spectroscopy. 

Dechlorination  of  CF^CCl^CCl^CF^ 

A  stirred  suspension  of  zinc  dust  (150  g. )  and  zinc 
chloride  (2-5  g. )  in  reagent  grade  dioxane  (150  ml.)  was 
brought  to  reflux  in  a  3”^ec^e(i  flask  fitted  with  a  1  ft. 
fractionation  column  and  head.  The  outlet  of  the  fraction¬ 
ation  head  lead  to  a  trap  cooled  at  -780. 

A  saturated  solution  of  2,2,3,3-tetrachlorohexafluoro- 
butane  (304  g.)  in  dioxane  was  added  dropwise  to  the  suspen¬ 
sion  at  such  a  rate  to  give  a  steady  reflux  at  the  fraction¬ 
ation  head,  where  the  fraction  boiling  up  to  72°  was  collected. 
Fractionation  was  continued  after  the  chlorofluoroalkane 
had  been  added  and  the  fraction  up  to  b.p.  95°  was  collected. 

The  experiment  was  repeated  with  196  g.  of  alkane  and 
proportionate  amounts  of  zinc,  etc. 


The  distillates  were  combined  and  fractionated  to  give: 
CF^CC1=CC1CP^  (368  g. ,  96$  yield)  containing  small  traces  of 
a  low  boiling  component  and  dicxane- 


Only  traces  of  material  condensed  in  the  cooled  (=?8°) 


trap. 


Addition  of  Cyclopentadlene  to  2. 3 -Blchlorohexafluoro butene-2 

Freshly  distilled  cyclopentadiene  (19.8  g. ,  0.3  mole), 
2,3-dichlorohexafluorobutene-2  (78.4  g. ,  O.336  mole)  and 
hydroqulnone  (1.0  g. )  were  rocked  in  a  300  ml.  autoclave 
at  145°  for  1 6  hr. 

The  product  was  steam  distilled.  The  distillate  was 
an  immiscible  liquid  at  first,  but  soon  a  solid  condensed. 

The  condenser  was  changed  to  an  air  condenser  which  extended 
under  iced  water.  The  total  organic  distillate  in  ether 
(65.19  g.)  contained  53$  of  the  adduct  by  gas  chromatographic 
peak  area.  Therefore  estimated  yield  of  adduct  based  on 
cyclopentadiene  was  38.6$. 

A  sample  was  purified  by  gas  chromatography  (Si  gum  110°) 
and  dried  by  sublimation  at  125°  under  reduced  pressure  to 
yield  5 , 6-dichloro-5  *  6-bi  s  ( trlf luoromethyl )  norbom-2-ene . 
Analysis  for  C^H^Cl^Fg:  C,  36.15;  H,  2.02.  Found:  C,  35*91; 
H,  1.89$.  The  sublimate  was  easily  oxidized  by  an  acetone 
solution  of  potassium  permanganate  and  slowly  decolorised 
3#  bromine  in  carbon  tetrachloride.  The  infrared  spectrum 
showed  very  weak  C— H  absorption  and  C=C  absorption  could 
not  be  detected  above  the  background  noise.  There  was 
absorption  at  7.  ?/<  -  9.1A  attributable  to  C-F. 


The  proton  n.m.r.  spectrum  In  CFCl^  solution  was 
consistent  with  a  1,4  adduct.  The  19F  n.m.r.  spectral 
analysis  is  in  progress. 

Dechlorination  of  6.6-Dlchloro-5.6-bls(triflaoromethyl)- 
norbom-2-ene 

(a)  Magnesium  Iodide 

Iodine  was  dried  by  sublimation  under  reduced  pressure. 
The  norbomene-  (53$  solution  in  ether)  was  dried  over  Drier! te 

Iodine  (0.4i  g.),  magnesium  (1.94  g. )  and  dry  ether  (100 
ml.)  were  refluxed  for  0.5  hr.  5»6-Dichloro~5»6-bis(trifluoro 
methyl) no rbone-2-ene  (30  g.  of  a  53$  solution  in  ether  at  15*9 
norbomene)  was  added  to  the  refluxing  mixture  over  a  period 
of  5  min.  Refluxing  was  continued  for  8  hr.  The  magnesium 
turnings  (2.07  g.)  were  filtered  off  and  washed,  but  remained 
dull  after  repeated  washings  with  ether. 

The  filtrate  was  distilled  using  a  6"  vigreux  column  to 
remove  most  of  the  ether.  A  gas  chromatogram  of  the  residue 
(27.22  g. )  showed  a  trace  of  the  dechlorination  product,  but 
starting  material  formed  59.7$  of  the  mixture  (from  gas 
chromatogram  peak  area).  This  is  equivalent  to  16.2  g. , 
therefore  recovery  of  norbomene  was  quantitative. 

(b) 

Zinc  powder  was  activated  prior  to  use  by  washing  with 
dilute  hydrochloric  acid,  water,  and  acetone  and  drying  on 
a  vacuum  line, 

5 ,6-Dlchloro-5 ,6-bi  s  { trlf  luoromethyl  )norbom-2-ene 
(30 *0  S*  of  a  53$  solution  in  ether  5  1 5*9  g.  norbomene) 
was  added  to  a  refluxing  stirred  suspension  of  activated 
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zinc  dust  (5.0  g. )  in  isopropanol  (50  ml*}  over  a  period 
of  15  min.  There  was  an  apparent  Increase  in  reflux  rate, 
but  this  may  have  been  uae  to  ether  present.  Refluxing  and 
stirring  were  continued  for  a  further  2  hr. ,  when  more 
activated  zinc  (4.0  g. )  was  added  and  the  reaction  continued 
for  a  further  3  hr. 

A  gas  chromatogram  of  the  filtered  product  showed  a 
main  peak  corresponding  to  2,3-bis(trifluoromethyl)norborna- 
dlene.  The  product  was  fractionated  (1*  column)  to  yield  a 
distillate  (I7.71  g. )  containing  12.4$  of  the  product.  The 
residual  liquid  (52.64  g. )  contained  an  estimated  10.95$  of 
the  dechlorination  product. 

A  sample  (3. 30  g. )  of  the  residual  liquid  was  separated 
by  gas  chromatography  (Si  gum,  90°)  to  yield  the  dechlorina¬ 
tion  product  2,3-bis(trifluoromethyl)norbomadiene  (0.51  g. ) 
which  had  an  identical  infrared  spectrum  to  an  authentic 
sample  (see  later).  Estimated  yield  of  norbomadiene: 

0.51  g.  in  3.30  g.  Therefore,  residual  liquid  contains 
ca.  8.15  g.  Distillate  contains  12.4$  (=  2.2  g. ).  There¬ 
fore,  estimated  yield  =  10. 35  g.  -  86$. 

Dechlorination  of  2,3-Dlchlorohexafluorobutene-2 

2,3-Dichlorohexafluorobutene-2  (233  g* »  1.0  mole)  was 
dried  over  Drier! te  and  added  dropwise  over  a  period  of  3  hr. 
to  a  stirred  refluxing  suspension  of  zinc  (85  g.)  and  zinc 
chloride  (1  g.)  in  glacial  acetic  acid  (200  ml.).  The 
acetylene  was  collected  through  the  toD  of  the  water  con¬ 
denser  in  an  acetone/dry  ice  cooled  trap.  The  reaction 


was  continued  for  2  hr.  when  more  zinc  (20  g.)  was  added 
and  the  reaction  continued  for  a  further  2  hr. 

The  material  in  the  acetone/dry  ice  trap  was  distilled 
into  another  trap  to  yield  hexafluorobutyne-2  (17.6  g. ,  35# 
yield  based  on  unreacted  olefin),  which  gave  an  infrared 
spectrum  consistent  with  an  authentic  specimen. 

The  zinc  dust  was  filtered  from  the  liquid  in  the  flask 
and  the  filtrate  fractionated  to  yield  2,3-dichlorohexafluoro- 
butene-2  (160.9  g. ) ,  which  was  contaminated  with  a  small 
quantity  of  low  boiling  compound  (probably  a  reduction  product) 

Addition  of  Cyclopentadlene  to  Hexafluorobutyne-2 

Hydroquinone  (0.2  g.)  and  freshly  distilled  oyclopenta- 
diene  (5.62  g. ,  0.085  mole)  were  weighed  into  a  hard  glass 
tube  (ca.  100  ml.  capacity).  Hexafluorobutyne  (17.6  g. ) 
was  condensed  in,  the  tube  sealed  under  vacuum  and  heated 
at  130°  for  15  hr. 

On  opening  the  tube  hexafluorobutyne  (1.3  g.)  distilled 
out  and  was  identified  by  its  infrared  spectrum.  A  gas 
chromatogram  of  the  residual  liquid  (22.71  g. )  showed  low 
boiling  components,  a  main  peak  with  a  small  shoulder  and 
a  trace  of  dicyclopentadiene. 

Separation  of  20.7  g«  by  gas  chromatography  (Si  gum 
10*;°)  yielded  (1)  low  boilers  +  (4)  dicyolopentadiene*  (3*37  g. ) 
(2)  main  peak,  2 ,3-bis( trlfluoromethyl)norbornadiene  (14.48  g. ) 
Analysis  calc’d,  for  C^H^Fg:  C,  47,33;  H,  2.65;  F,  49.97. 
Found:  C,  47.43;  H,  2.75;  F  (by  difference),  49.82#.  The 
pure  product  was  easily  oxidized  by  a  potassium  permanganate 
solution  in  acetone  and  decolorized  a  3#  bromine  solution 


in  carbon  tetrachloride.  The  Infrared  spectrum  showed 
moderate  intensity  absorption  at  5»92y* which  is  consistent 
with  CF«C=C— CP^.  and  C—II  and  C~F  absorptions.  The  proton 
n.m.r.  was  completely  consistent'  vh  t-.n  a  m  r- at  ^pr  nddur.t. 

(3)  main  peak  residue  +  shoulder  (0.41  g. ) ,  contained  77% 
of  the  norbomadiene.  Total  yield  norbornadiene:  14.8  g. , 

76%  (based  on  cyclcpentadiene) . 

Addition  of  Cvclooentadiene  to  sym-Dlchlorodifluoroethylane 

A  300  m3,  autoclave  was  charged  with  hydroquinone  (1  g. ) , 
freshly  distilled  cyclopentadiene  (33  g. ,  0.5  mole)  and 
CFC1=CFC1  (68  g. .  0.51  mole)  and  heated  at  l65-l?0°  for 
65  hr.  No  low  boiling  products  distilled  out  on  opening 
the  autoclave. 

The  black  liquid  product  (96.?  g. )  was  steam  distilled. 

The  organic  material  (11. 3  g. ),  distilling  over  after  several 
hours,  was  a  pure  high  boiling  viscous  liquid,  which  showed 
C— H,  weak  C=C  and  C~ F  absorptions  in  the  infrared  spectrum. 

This  material  partially  solidified  on  standing. 

The  first  part  of  the  steam  distillate  was  distilled 
under  high  vacuum  to  yield  (1)  a  liquid  (10.29  g* )  containing 
61.8$  adduct,  (2)  pur^  adduct  (3.2?  g.),  (3)  a  residue  (21.62 
g. )  which  contained  only  a  trace  of  simple  adduct.  Therefore, 
estimated  yield  of  simple  adduct  =  6.35  g.  (from  fraction  1) 

+  3.2?  g.  =  9.62  g.  =  9*7%  based  on  cyclopentadiene.  Total 
yield  of  high  boiling  viscous  products  was  32.9 6  g. 

A  sample  of  the  simple  adduct  was  purified  by  gas 
chromatography  to  yield  5»6-*dichloro-5,6-difiuoronorbom-2-e:ie. 


4? 

Analysis  calc’d.  for  C^HgClgFg:  C,  42*24;  H,  3*04.  Found: 

C,  42.54;  H,  3.29^* 

The  Infrared  spectrum  showed  relatively  strong  C-H 
absorption  and  absorption  attributable  to  C-F  and  C-Cl. 

The  pure  product  was  easily  oxidized  by  an  acetone  solution 
of  potassium  permanganate  and  decolorized  a  solution  of 
bromine  in  carbon  tetrachloride.  The  proton  n.m.r.  spectrum 
was  completely  consistent  with  a  l,4-(Diels-Alder)  adduct. 

The  ^F  n.m.r.  spectrum  was  inconclusive. 

Attempted  Dehalogenation  of  5.6-Dlchloro-5,6-Dlfluoro- 
norborn-2-ene 

5,6-Dichloro-5»6-difluoronorbom-2-ene  (12.5  g»  of  a 
65#  solution  in  ether  =8.1  g.  norbomene)  was  added  drop- 
wise  over  a  period  of  10  min.  to  a  stirred  refluxing  suspen¬ 
sion  of  activated  zinc  (5  g. )  in  isopropanol  (30  ml.).  The 
reaction  was  continued  for  1.5  hr.  when  additional  activated 
zinc  (5  g.)  was  added  and  the  reaction  continued  for  a  further 
3  hr.  A  chromatogram  of  the  product  showed  only  starting 
material  and  Isopropanol.  The  product  was  filtered  and 
fractionated.  The  first  1  ml.  of  distillate  was  pure 
isopropanol  as  was  the  remaining  distillate.  Most  of  the 
isopropanol  was  fractionated  off  to  leave  a  residue  (26.10  g. ) 
of  45.6/2  norbornene  in  isopropanol.  This  is  equivalent  to 
11.9  g.  norbornene  =  95 %  recovery  of  starting  material. 

Addition  of  Cvolopentadlene  to  Trlfluoroethvlene 

A  300  ml.  autoclave  was  charged  with  freshly  distilled 
cyclopentadiene  (33  g. ,  0.5  mole)  and  hydroquinone  (1.0  g. ). 
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Trlfluoroethylene  (44  g. ,  0.53?  mole)  was  condensed  under 
vacuum  Into  the  autoclave  which  was  heated  at  165°  for  1? 
hr.  On  opening  the  autoclave  trlfluoroethylene  (23.4  g. , 

53$)  distilled  out. 

The  residual  liquid  and  ether  washings  were  steam 
distilled  to  give  an  Initial  organic  steam  distillate  (37.1  g. ) 
and  a  later  organic  distillate  which  was  a  high  boiling 
viscous  liquid  (8.25  g.)  of  at  least  three  components. 

The  initial  steam  distillate  was  distilled  to  give  (1)  ether 
+  trace  of  adduct  (5.54  g.),  (2)  adduct  (3.58  g. ) >  9 5$  pure, 

(3)  4,68  g.  containing  73*6$  adduct,  (4)  17.84  g.  containing 
28.6$  adduct,  (5)  2.38  g.  of  high  boiling  material  containing 
trace  of  the  simple  adduct,  (6)  a  small  brown  tarry  residue. 
Estimated  yield  of  simple  adduct:  12.1  g.  =  33$  based  on 
unrecovered  olefin. 

A  sample  of  the  adduct  was  separated  by  preparative 

gas  chromatography  (Si  gum  95°)  to  yield  5>5»6-trifluoro- 

norbom-2-ene.  Analysis  calc’d.  for  CnELF,,:  C,  56-75; 

1  f  j 

H,  4.77;  F»  38.48.  Found:  C,  56.91;  H,  4.68$;  F  (by 
difference),  38.41$.  The  proton  n.m.r.  spectrum  was  in¬ 
conclusive  but  the  ^F  n.m.r.  spectrum  indicated  a  mixture 
of  two  isomers  of  the  Diels-Alder  adduct. 

Attempted  Dehvdrofluorlnatlon  of  5 . 5.6-Trlfluoronorborn-2-ene 
(a)  Aqueous  Potassium  Hydroxide 

The  norbornene  (ca.  8.52  g.  in  high  boiling  material, 
total  wt.  22.54  g.)  was  refluxed  for  4  hr.  with  aqueous 
potassium  hydroxide  (13  g.  In  40  ml.  HgO).  A  gas  chromato- 
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gram  of  the  organic  phase  (20.98  g. )  showed  only  starting 
materials. 

(b)  Aqueous  Alcoholic  Potassium  Hydroxide 

The  norbornene  mixture  (19.46  g. )  was  added  over  a 
period  of  20  min.  to  a  refluxing  solution  of  potassium 
hydroxide  (10  g.)  in  ethanol  (20  ml.)  -  water  (5  ml.) 
solution.  The  mixture  was  refluxed  for  7  hr.  There  was 
a  considerable  darkening  of  both  phases.  After  normal 
work-up,  an  organic  product  (18. ?8  g. )  containing  46#  of 
the  norbornene  was  recovered.  Therefore  recovery  of  starting 
material  was  quantitative.  A  gas  chromatogram  showed  no 
dehydrofluorinatlon  product. 

Addition  of  Cyclonentadlene  to  Chlorotrlfluoroethylene 

A  300  ml.  autoclave  was  charged  with  hydroqulnone  (1.0  g.) 
and  freshly  distilled  cyclopentadlene  (41.96  g. ,  0.635  mole). 
Chlorotrlfluoroethylene  (76.5  g. »  0.657  mole)  was  condensed 
under  vacuum  Into  the  autoclave  which  was  heated  at  I7O0 
for  16  hr.  On  opening  the  autoclave  low  boiling  material 
(0.4  g. )  distilled  out.  The  residual  liquid  (112.6  g. )  was 
steam  distilled  to  yield  an  organic  distillate  (68.7  g. ) » 
which  was  dried,  and  a  residual  brown  viscous  liquid  (32.9  g. ) 

A  sample  (10.8  g.)  of  the  steam  distillate  was  separated 
by  gas  chromatography  (Si  gum  110°)  to  yield  (1)  low  boiling 
components  (not  collected),  (2)  the  adduct  (4.56  g.). 

Therefore,  yield  of  adduct  is  26#  based  on  cyclopentadlene, 
n^p  1.430  +  0.001.  Analysis  calc'd.  for  C^HgClF^:  C,  46.05; 

H,  3.31.  Found:  C,  46.26;  H,  3*28#.  The  infrared  spectrum 
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showed  medium  C— H  absorption,  weak  C=C  absorption  and  absorp¬ 
tion  attributable  to  C— F  and  C— Cl.  The  proton  and  ^F  n.m.r. 
spectra  suggested  a  mixture  of  at  least  four  Isomers,  which 
were  probably  the  isomers  of  the  1,4-  and  1,2-adducts.  On 
standing  the  adduct  darkened. 

Attempted  Addition  of  Octafluoro butene-2  to  Isopropenylacetylene 

A  300  ml.  autoclave  was  charged  with  hydroqulnone  (0.6  g. ). 
Isopropenylacetylene  (10.0  g. )  was  vacuum  distilled  into  the 
autoclave  followed  by  octafluoro butene-2  (42.3  The 

autoclave  was  sealed  under  vacuum  and  heated  at  120°  for 
16  hr. 

On  opening  the  autoclave,  volatile  material  (44,0  g.) 
distilled  out  to  leave  a  residual  liquid  which  was  greater 
than  95%  isopropenylacetylene  with  a  trace  of  higher  boiling 
material.  The  isopropenylacetylene  was  allowed  to  evaporate 
to  leave  a  small  brown  viscous  liquid  residue.  Total  recovery 
of  starting  material  was  90 %, 

V.  FUTURE  WORK 

The  reaction  of  CH^CBrCF^  with  butyllithium  to  give 
CH2=CLiCF^  will  be  carried  out.  The  organometallic  reagent 
will  be  transformed  into  CH2=C=CF2  for  U.  S.  Rubber  and 
Peninsular  ChemResearch,  Inc.  The  reagent  will  also  be 
used  in  further  syntheses  of  various  molecules  containing 


the  CHgsCtCF^)-  group 
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Free  radical  reactions  of  allyl  iodides  with  tetra- 
flt?oro ethylene  will  be  studied  as  a  possible  route  for 
obtaining  Cn^-CnCn^CF^CF^l,  It  is  hoped  that  the  iodide 
will  react  with  NO  to  give  the  corresponding  nitroso 
compound. 

The  reaction  of  nitrosyl  chloride  with  CH2=CHCH2CF=CFC1 , 
CH2=CHCH2CF=CFBr  and  CF2=CFCF2CF=CF2  will  be  studied. 


APPENDIX 

The  following  compounds  were  prepared  and  shipped  to 
U.  S.  Rubber: 

o^-Trifluoromethylstyrene  (23  g. ) 
l,l,l-Trifluoropentadiene-2,4  (10  g. ) 
3-Acetoxy-3-trlfluoromethylbutene-i  (43  g. ) 
5,6-Difluoro-5>6-bi  (trifluoromethyl)norbom-2-ene  (15  g.) 
Crude  5J6-dichloro-5,6-difluoronoT’bom-2-ene  (0  g. ). 
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